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This Appeal Brief is filed pursuant to the "Notice of Appeal to the Board of Patent 
Appeals and Interferences" filed August 28, 2003. 



1 . Real Party in Interest. 

The real party in interest in this appeal is Millenium Biologix, Inc., the assignee of the 
above-referenced patent application. 

2. Related Appeals and Interferences. 

There are no related appeals and/or interferences involving this application or its subject 

matter. 



3. Status of Claims. 

The present appeal involves Claims 1, 2, 6, 10, 12, 13, 22, 23, 25-29, 32-35, 37 and 38. 
Claims 3-5, 7-9, 11, 14-21, 24, 30, 31, 36, and 39-46 have been canceled. The claims at issue, 
namely, Claims 1, 2, 6, 10, 12, 13, 22, 23, 25-29, 32-35, 37 and 38, are set forth in the attached 
appendix. 
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4. Status of Amendments. 

An Official Action was mailed March 3, 2003, finally rejecting pending Claims 1, 2, 6, 
10, 12, 13, 22, 23, 25-29, 32-35, 37 and 38. 

Applicants are filing an Amendment After Final concurrently with this Appeal Brief to 
correct an apparent typographical error in the dependency of Claims 6 and 10. In particular, 
Claims 6 and 10 are amended to depend from process Claim 13, and not composition Claim 1. 

Applicants respectfully request entry of this amendment. As noted in the Amendment 
After Final, the amendments do not raise new issues for consideration by the Examiner because 
the subject matter of the amended claims has been before the Examiner throughout prosecution. 
In addition, the amendment places the claims into better condition for consideration on appeal 
because the amendment corrects an apparent typographical error in the dependency of the claims. 

Applicants also note that the final Official Action requested that the specification be 
amended to properly recite the claim of priority. Upon a favorable finding on appeal, Applicants 
intend to amend the specification to reflect the claiming of priority from U.S. Application No. 
60/003157, filed Sept. 1, 1995; U.S. Application No. 08/576,238, filed on December 21, 1995; 
and PCT/CA96/00585, filed Aug. 30, 1996. 



5 . Summary of the Invention. 

The present invention is directed to a bioactive artificial sintered composition (claims 1, 
2, 6, 10, 12, 23, 25, 26, 32, and 38) and processes of making the composition (claims 13 and 22). 
The invention also includes an implantable calcified bone matrix that includes the composition 
of the invention (Claims 27-29); implantable devices coated with the composition of the 
invention (Claim 33); implantable devices consisting essentially of the composition of the 
invention (Claim 34); and methods of using the composition to culture functional bone cells 
(Claim 35) and ex vivo engineering an implant (Claim 37). 

The composition of the invention is in the form of a powder or bulk material. The 
material includes stabilized insoluble tricalcium phosphate. The stabilized insoluble tricalcium 
phosphate results from stabilizing entities present uniformly throughout the entire composition. 
The stabilizing entities include silicon, among other entities. The inventors have surprisingly 
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discovered that the claimed stabilized insoluble tricalcium phosphate phases are capable of 
supporting bone cell activity thereon. 

It is the stabilized, insoluble nature of the tricalcium phosphate that is formed which is of 
significance. Page 13, lines 20-21 of the present application. Applicants were the first to 
discover that the presence of stabilizing entities can stabilize the composition and prevent its 
degradation in physiological fluids. See Claim 1, reciting a stabilized insoluble tricalcium 
phosphate and Claim 12, reciting a composition insoluble in physiological fluids of pH of 
approximately 6.4 to 7.3. Surprisingly the composition is stable in the presence of various 
aqueous media even though alpha tricalcium phosphate is supposed to be soluble in water. Page 
5, lines 15-17 and 19-20 of the application. See also page 9, line 28- page 10, line 4. Although 
not wishing to be bound by any explanation of the invention, it is currently believed that the 
formation of insoluble calcium silicate entities at the surface of each particle limits the 
reversibility of the reaction and pays a role in preventing the solubility of alpha tricalcium 
phosphate in aqueous physiological media. Page 15, lines 20-23. 

That Applicants' material is insoluble is surprising in view of the conventional view that 
alpha tricalcium phosphate is soluble, and thus not desired for therapeutic applications. The 
record before the Examiner, including Applicants' specification and art cited by the Examiner, 
demonstrates that one skilled in the art would consider alpha tricalcium phosphate to be a soluble 
product. For example, the present application states that "[i]n the development of calcium 
phosphate based coatings, a-TCP has not been a great subject of attention because of its 
degradation in physiological fluids due to its relatively high solubility." Page 14, lines 1-3. See 
also page 5, lines 15-17, which note that the product is stable in the presence of various aqueous 
media, even though alpha tricalcium phosphate is supposed to be soluble in water. See also 
pages 77 and 79 of the Ruys article, cited by the Examiner. 

Not only is the tricalcium phosphate material insoluble in physiological fluids. The 
insoluble tricalcium phosphate is also bioactive, i.e., resorbable by osteoclasts and promotes 
secretion of mineralized bone matrix by osteoblasts. Applicants have found that the claimed 
compositions of the present application support osteoblastic bone growth over and throughout 
structures made of the composition. The materials also promote natural controlled extracellular 



In re: Pughetal. 
Appl.No.: 09/029,872 
Filing Date: June 29, 1998 
Page 4 



resorption of the composition by osteoclasts, while avoiding non-specific chemical and/or 
cellular dissolution and/or degradation, in a process resembling that of normal bone turnover. 
See pages 10, 19 and 22-23 of the present application. Applicants were the first to develop and 
characterize a stabilized composition that behaves similar to natural bone, and which in fact 
integrates with the natural bone over time so that an implant formed of the composition is 
progressively replaced by natural bone. 

The stabilized composition can be used to provide a range of coatings, powders and bulk 
ceramic pieces that share a common surface globular microporosity and an internal 
microporosity. In addition, the bulk ceramics also can have a macroporosity within the structure 
in order to provide an artificial three-dimensional bone tissue similar to that found in vivo. The 
composition, made in any form, encourages the activity of bone cells cultured thereon and also 
allows for the development of ex vivo engineered artificial bone tissues to use as bone grafts. 

Bone is a complex mineralizing system composed of an inorganic or mineral phase, an 
organic matrix phase, and water. Calcification of bone depends on the close association between 
the organic and inorganic phases to produce a mineralized tissue, and disturbance of the natural 
balance of bone formation and resorption leads to various bone disorders. Because the invented 
composition encourages the activity of bone cells, the invention has applications in medical 
diagnostics for the assessment of normal and abnormal bone cell activity as well as for medical 
therapeutics including bone and dental tissue replacement and repair as well as for ex vivo bone 
graft tissue engineering. 

Applicants have discovered that the presence of uniformly distributed stabilizing entities 
throughout a hydroxyapatite substance stabilizes tricalcium phosphate compounds within the 
substance and prevents the degradation of the tricalcium phosphates in physiological fluids. The 
unique stabilized and insoluble tricalcium phosphates are recited in each of the pending 
composition and method claims. The claimed compositions and methods stand in contrast to 
tricalcium phosphate containing compositions of the past, in which the tricalcium phosphate 
content, particularly the a-TCP content, was soluble and biodegradable. 

The stabilized insoluble artificial bioactive composition is the first such composition 
which supports both osteoclast and osteoblast activity and which allows for the reliable 
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assessment of the physiological activities of both cell types as well as for the development of 
both diagnostic and therapeutic strategies. 
6. Issues. 

The issues in the present appeal are as follows: 

(1) Whether Claims 1, 2, 6, 12, 13, 22, 23, 25, 32, 34 and 38 are properly rejected under 
35 U.S.C. § 102 as being anticipated by Ruys (article entitled "Silicon-Doped Hydroxyapatite"), 
when Ruys does not teach each and every one of the claimed elements; 

(2) Whether Claims 10, 26 and 33 are properly rejected under 35 U.S.C. § 103(a) as 
being unpatentable over Ruys, when there is no basis or motivation to make the proposed 
modification; and 

(3) Whether Claims 27-29, 35 and 37 are properly rejected under 35 U.S.C. § 103(a) as 
being unpatentable over Ruys in view of Davies (WO 94/26872), when there is no basis or 
motivation to make the proposed combination. 



7. Grouping of Claims. 

Claims 1, 2, 6, 10, 12 and 38 are directed to a bioactive artificial sintered composition 
("the composition") comprising a powder or bulk material of stabilized insoluble tricalcium 
phosphate phases. Claims 23, 25, 26 and 32 are directed to an embodiment of the invention in 
which the composition may be provided as a microporous polycrystalline structure. Claim 34 is 
directed to an embodiment of the invention in which the composition forms an implantable 
device. Claims 1, 2, 6, 10, 12, 23, 25, 26, 32, 34, and 38 should be considered together. 

Claim 33 is directed to an implantable device coated with the composition. Claim 33 
stands separately because this claim defines subject matter that renders it patentable 
independently of Claims 1, 2, 6, 10, 12, 23, 25, 26, 32, 34, and 38. 

Claims 13 and 22 are directed to a process for stabilizing an artificial sintered 
composition of calcium phosphate phases. Claims 13 and 22 stand separately because these 
claims define subject matter that render them patentable independently of Claims 1, 2, 6, 10, 12, 
23, 25, 26, 32, 34, and 38; and Claim 33. 
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Claims 27-29 are directed to an implantable calcified bone matrix comprising a structure 
formed from the composition, and a calcified bone matrix secreted by osteoblasts on said 
structure. Claims 27-29 stand separately because these claims define subject matter that render 
them patentable independently of Claims 1, 2, 6, 10, 12, 23, 25, 26, 32, 34, and 38; Claim 33; 
and Claims 13 and 22. 

Claim 35 is directed to a method for the culturing of functional bone cells, the method 
comprising applying a suspension of bone cells in physiological media to the composition, 
provided as a substrate. Claim 35 stand separately because this claim defines subject matter that 
renders it patentable independently of Claims 1, 2, 6, 10, 12, 23, 25, 26, 32, 34, and 38; Claim 
33; Claims 13 and 22; and Claims 27-29. 

Claim 37 is directed to a method for the ex vivo tissue engineering of a mineralized 
collagenous implant. Claim 37 stands separately because this claim defines subject matter that 
renders it patentable independently of Claims 1, 2, 6, 10, 12, 23, 25, 26, 32, 34, and 38; Claim 
33; Claims 13 and 22; Claims 27-29; and Claim 35. 



8. Argument. 

(1) Claims 1, 2, 6, 12, 13, 22, 23, 25, 32, 34, and 38 are not properly rejected under 35 
U.S.C. 102 because Ruys does not teach each and every element of the claimed invention. 

Claims 1, 2, 6, 12, 13, 22, 23, 25, 32, 34 and 38 stand rejected under 35 U.S.C. § 102 as 
being anticipated by Ruys. The Examiner argues that Ruys produces the same material as 
claimed, and thus it would inherently have the same resorbability and in vivo response as 
claimed. Applicants submit, however, that the Ruys material is not the same as the claimed 
composition and thus does not inherently have the same properties. 

The present invention includes a bioactive artificial sintered composition for supporting 
bone cell activity. As recited in Claim 1, the composition is in the form a powder or bulk 
material. The powder or bulk material includes stabilized insoluble tricalcium phosphate, 
resulting from stabilizing entities present uniformly in the material. The stabilizing entities 
include silicon, among other entities. 
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It is the stabilized, insoluble nature of the tricalcium phosphate that is formed which is of 
significance. Page 13, lines 20-21 of the present application. Applicants were the first to 
discover that the presence of stabilizing entities can stabilize the composition and prevent its 
degradation in physiological fluids. See Claim 1, reciting a stabilized insoluble tricalcium 
phosphate and Claim 12, reciting a composition insoluble in physiological fluids of pH of 
approximately 6.4 to 7.3. Surprisingly the composition is stable in the presence of various 
aqueous media even though alpha tricalcium phosphate is supposed to be soluble in water. Page 
5, lines 15-17 and 19-20 of the application. See also page 9, line 28- page 10, line 4. Although 
not wishing to be bound by any explanation of the invention, it is currently believed that the 
formation of insoluble calcium silicate entities at the surface of each particle limits the 
reversibility of the reaction and pays a role in preventing the solubility of alpha tricalcium 
phosphate in aqueous physiological media. Page 15, lines 20-23. 

Not only is the tricalcium phosphate material insoluble in physiological fluids. The 
insoluble tricalcium phosphate is also bioactive, i.e., resorbable by osteoclasts and promotes 
secretion of mineralized bone matrix by osteoblasts. Applicants have found that the claimed 
compositions of the present application support osteoblastic bone growth over and throughout 
structures made of the composition. The materials also promote natural controlled extracellular 
resorption of the composition by osteoclasts, while avoiding non-specific chemical and/or 
cellular dissolution and/or degradation, in a process resembling that of normal bone turnover. 
See pages 10, 19 and 22-23 of the present application. Applicants were the first to develop and 
characterize a stabilized composition that behaves similar to natural bone, and which in fact 
integrates with the natural bone over time so that an implant formed of the composition is 
progressively replaced by natural bone. 

That Applicants' material is insoluble is surprising in view of the conventional view that 
alpha tricalcium phosphate is soluble, and thus not desired for therapeutic applications. The 
record before the Examiner, including Applicants' specification and the cited Ruys article, 
demonstrates that one skilled in the art would consider alpha tricalcium phosphate to be a soluble 
product. For example, the present application states that "[i]n the development of calcium 
phosphate based coatings, a-TCP has not been a great subject of attention because of its 
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degradation in physiological fluids due to its relatively high solubility." Page 14, lines 1-3. See 
also page 5, lines 15-17, which note that the product is stable in the presence of various aqueous 
media, even though alpha tricalcium phosphate is supposed to be soluble in water. See also 
pages 77 and 79 of the Ruys article. Here Ruys teaches that TCP is an undesired product 
because of its biodegradability, citing S.R. Radin and P. Ducheyne, J. Mater. Sci. Mater. Med., 3 
(1992) 33, a copy of which is attached. 

Contrary to the position taken by the Examiner, the Ruys article does not describe the 
production of the same material as claimed. Rather, Ruys describes the production of 
conventional TCP, which is soluble, i.e., biodegradable, in physiological fluids. Ruys nowhere 
teaches or suggests the production of a stabilized insoluble tricalcium phosphate as claimed 
which exhibits bioactivity allowing resorbtion by osteoclasts and promoting secretion of 
mineralized bone matrix by osteoblasts. 

Ruys describes its product as follows. On page 79, Ruys states its process results in 
isomorphous substitution of silicon in the HAp (hydroxyapatite). The resultant product is 
actually a mixture of four products: calcium silicophosphate; tricalcium phosphate Ca 3 (P04)2, 
including /? (beta) and a (alpha) phases; silicon-doped HAp; and silicon glass. Page 79. 
Although the Ruys product can include tricalcium phosphate, the TCP product differs from the 
claimed composition. Ruys explicitly states that the TCP phase is undesirable as biodegradable 
(page 77 noted above) and thus should be kept to a minimum to eliminate the possibility of 
biodegradability in vivo (page 79, also noted above). Thus if anything, the Ruys article actually 
teaches away from the claimed invention, stating that TCP phases are to be avoided because of 
their undesired biodegradability properties. 

TCP as produced by Ruys is not only biodegradable in physiological media. It also has 
not been demonstrated to have any "bioactivity" relating to osteoclast resorption or osteoblast 
matrix secretion. Ruys indicates on page 79 that the studies may allow "future assessment of the 
effects of silicon on the bioactivity of HAp through clinical trials". Ruys does not even suggest 
assessing the bioactivity as herein described for an insolubilized tricalcium phosphate product. 

In summary, the claimed invention provides stabilized insoluble tricalcium phosphate 
exhibiting bioactivity allowing resorbtion by osteoclasts and promoting secretion of mineralized 
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bone matrix by osteoblasts. In contrast, the Ruys product includes biodegradable tricalcium 
phosphate. As such, it cannot inherently exhibit the bioactive properties of the claimed 
composition, i.e., it cannot inherently exhibit the same resorbability and in vivo response as 
claimed. Indeed, Ruys teaches away from the claimed invention, stating that the production of 
tricalcium phosphate is undesirable because of its known biodegradability. 

Ruys does not recite each and every element of Claim 1 . Ruys accordingly cannot 
anticipate Claim 1. Inasmuch as the remaining claims subject to this rejection incorporate the 
composition of Claim 1, they also are not anticipated by Ruys. Accordingly, the Examiner has 
not established a sustainable anticipation rejection and the rejection of Applicants' claims should 
be reversed. 



(2) Claims 10, 26 and 33 are not properly rejected under 35 USC Section 103(a) because 
there is no basis in the art for modifying Ruys. 

Claims 10, 26 and 33 stand rejected under 35 USC Section 103(a) as obvious over Ruys 
alone. Claim 10 recites a specific stabilizing entity of the bioactive, stabilized insoluble 
tricalcium phosphate material of Claim 1 . Claim 26 recites specific morphology and dimensions 
of the material of Claim 1, specifically, rounded granules with a lateral dimension of about 0.5 to 
1 /xm. Claim 33 recites an implantable device coated with the composition of Claim 1. Contrary 
to the position set forth by the Examiner, Ruys nowhere suggests modifying its product to result 
in these claimed aspects of the invention. 

As discussed above, the product of Ruys is not the same as claimed. The Ruys product 
includes soluble tricalcium phosphate. In contrast, the claimed composition of Claim 1 is a 
bioactive stabilized insoluble tricalcium phosphate material. As such, the claimed composition 
allows resorbtion by osteoclasts and promotes secretion of mineralized bone matrix by 
osteoblasts. Applicants were the first to develop and characterize a stabilized composition that 
behaves similar to natural bone, and which in fact integrates with the natural bone over time. 

The Examiner argues that it would have been obvious to substitute tetraethyl silicate of 
Ruys with tetrapropyl silicate of Claim 10. Yet, Ruys nowhere suggests substituting any reagent 
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set forth therein. That one could have selected a different reagent is not the standard for 
determining obviousness, absent some suggestion to make the proposed modification. Any 
motivation or suggestion to make this modification is missing. Accordingly, the Examiner's 
conclusion requires an improper hindsight analysis based on Applicants' own teachings. 

The Examiner also argues that particle size of the resulting product of Claim 26 is an 
obvious design choice. Yet Ruys nowhere teaches or suggests any morphology or dimensions 
for the product described therein. Accordingly, to conclude that the morphology and dimensions 
recited in Claim 26 are obvious requires the skilled artisan to (1) select a specific morphology 
(rounded) when there is none indicated, and also (2) select a specific dimension (about 0.5 to 1 
ixm), again where none is given as a starting point. That one could have selected these variables 
again is not the standard for determining obviousness absent some suggestion. Any such 
requisite motivation is missing in this case, and accordingly the Examiner's conclusion in this 
regard also requires an improper hindsight analysis. 

Even if one were to modify the silicon source, or select from nothing specific 
morphology and dimensions, the result would still not be the same as claimed. As discussed 
above, Ruys produces biodegradable tricalcium phosphate, which is known in the art to be 
soluble in physiological fluids and thus undesirable for therapeutic applications. In contrast, the 
claimed composition differs from the Ruys product and includes bioactive stabilized insoluble 
tricalcium phosphate. 

Ruys also nowhere suggests any specific applications for the products produced therein. 
Ruys certainly does not suggest coating an implantable device with the product described 
therein, much less coating an implantable device with tricalcium phosphate. Indeed, if anything, 
Ruys teaches away from in vivo applications of tricalcium phosphate, describing such products 
as biodegradable and thus undesirable. Therefore, Ruys teaches away from the claimed 
invention of claim 33 and as a result cannot render this claim obvious. 

Obviousness cannot be established by combining or modifying the teachings of the prior 
art to produce the claimed invention, absent some teaching, suggestion or incentive supporting 
the modification or combination. ACS Hospital Systems, Inc. v. Montefwre Hospital, 732 F2d 
1572, 1577, 221 USPQ 929, 933 (Fed.Cir. 1984). A Section 103 rejection presumes the 
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existence of differences between the subject matter claimed and the teachings of the prior art. 
Thus, the Examiner must be able to point to something in the prior art that suggests in some way 
a modification of a particular reference or a combination with another reference to arrive at the 
claimed invention. Absent such a showing in the prior art, the Examiner has impermissibly used 
the Applicants' teaching to hunt through the prior art for the claimed elements and combine them 
as claimed. In reLaskowski, 871 F2d 115, 117, 19 USPQ 2d 1397, 1398 (Fed.Cir. 1989). 

This is what the Examiner has done in the present case. Ruys does not suggest the 
specific silicon reagent of Claim 10; or composition morphology or dimensions of Claim 26. 
That one could have selected the recited reagent, morphology or dimensions does not render 
Claims 10 and 26 obvious because there is no suggestion to make this modification. The only 
suggestion to do so is in Applicants' own specification. Likewise Ruys does not suggest coating 
an implant with the product produced therein. Indeed, Ruys, if anything, teaches away from the 
use of its product in vivo because it includes biodegradable tricalcium phosphate, which is stated 
to be undesired. Accordingly, the Examiner has not established a sustainable prima facie 
obviousness rejection. For this reason, the rejection of Claims 10, 26 and 33 should also be 
reversed. 



(3) Claims 27-29, 35 and 37 are not properly rejected under 35 USC Section 103(a) 
because there is no basis in the art for combining Ruys with Davies. 

Claims 27-29, 35 and 37 are rejected as obvious in view of the teachings of Ruys in view 
of Davies (WO 94/26872). Claims 27-29 recite an implantable calcified bone matrix that 
includes the composition of Claim 1 forming a structure for supporting the same. Claim 35 
recites a method for culturing functioning bone cells using the composition of Claim 1 as a 
substrate. Claim 37 recites a method for ex vivo engineering of a mineralized collagenous 
implant using the composition of Claim 1. 

The Examiner acknowledges that Ruys does not teach the presence of bone cells or their 
excreted materials. Not only does Ruys not teach or suggest this aspect of the claimed invention. 
As discussed above, the product of Ruys is not the same as claimed. The Ruys product includes 
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soluble tricalcium phosphate. In contrast, the claimed composition of Claim 1 is a bioactive 
stabilized insoluble tricalcium phosphate material. As such, the claimed composition allows 
resorbtion by osteoclasts and promotes secretion of mineralized bone matrix by osteoblasts. 
Applicants were the first to develop and characterize a stabilized composition that behaves 
similar to natural bone, and which in fact integrates with the natural bone over time so that an 
implant formed of the composition is progressively replaced by natural bone, thereby allowing a 
method of ex vivo engineering as claimed. 

In contrast, the Ruys product includes biodegradable tricalcium phosphate. As such, the 
biodegradable tricalcium phosphate cannot exhibit the bioactive properties of the claimed 
composition. Indeed Ruys teaches away from the claimed invention, stating that the production 
of tricalcium phosphate is undesirable because of its known biodegradability. Because the 
tricalcium phosphate of Ruys differs from the claimed composition, it cannot inherently exhibit 
the same resorbability and in vivo response as claimed. 

In addition, Ruys does not assess the bioactivity of the material produced in any manner. 
Thus Ruys cannot suggest the use of its material as an implant as recited in Claims 27-29, much 
less as a material suitable for a method of ex vivo engineering of an implant as recited in Claim 
37. Ruys also does not recognize or suggest any benefit of its material in the culturing of 
functional bone cells as recited in Claim 35. 

Davies cannot overcome the deficiencies of Ruys. Davies is directed to a different 
process than Ruys and further addresses a different problem than that set forth by Ruys. Thus 
there is no motivation to combine the teachings of the references as suggested by the Examiner. 

Davies is directed to a calcium phosphate based thin film on a substrate for culturing 
bone cells thereon. The thin film is intended as an analytical device only for in vitro use, and not 
for in vivo applications. 

The Examiner relies upon Davies to argue that it was known to prepare implants by 
culturing bone cells on the material or implant to test it. Davies, however, certainly did not 
contemplate that the thin film could be used as a component of an implantable calcified bone 
matrix or providing the same as a bulk material to ex vivo engineer an implant. Use of a thin 
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film as an analytical component, for example in an analytical kit (see abstract) is altogether 
different from using a material to make an implant for in vivo applications. 

In addition, the thin film produced in accordance to Davies also differs compositionally 
from the claimed composition. The thin film can be prepared by applying a sol gel to a substrate, 
such as a quartz substrate and heating the coated substrate. In the example using quartz, this 
substrate was selected simply as a support for the thin film for analytical purposes and for its 
thermally tolerant properties. The Davies thin film is made up of a complex mixture of stratified 
calcium phosphate phases. This is discussed in the present application on page 17 with reference 
to Figures 6(a)-(c). Figure 6(a) shows the Davies thin film in cross section with an EDX analysis 
performed at various locations throughout the thin film. The regions shown are the interface of 
the film and the substrate, the intermediate region above the interface, and the top of the film. 
As seen in this analysis, the Davies thin film has varying compositions throughout and thus is a 
complex mixture of several different calcium phosphate phases. The amount of silicon present 
in the various regions also differs significantly. See Figures (c)(i) - (iii), which illustrate the 
different amounts of silicon distributed throughout the Davies product. Thus Davies illustrates a 
complex mixture of various calcium phosphate phases, in which silicon is not uniformly 
distributed as claimed. Rather, silicon is present in stratified form in varying concentrations in 
different regions of the film. In contrast, the claimed invention is directed to a tricalcium 
phosphate composition in which stabilizing entities, such as silicon, are uniformly distributed. 

In summary, Ruys and Davies are directed to different processes for making different 
products and address different problems. There is no motivation to combine the teachings of 
these references. Indeed, Ruys teaches away from the claimed invention, stating that tricalcium 
phosphate is an undesired product because of its biodegradability. Accordingly, the Examiner 
has not established a sustainable prima facie obviousness rejection. For this reason, the rejection 
of Claims 27-29, 35, and 37 should also be reversed. 




CONCLUSION 

Ruys cannot anticipate the claimed invention because Ruys is directed to a product that 
differs from the claimed invention. The Ruys product includes biodegradable tricalcium 
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phosphate, stated to be undesired. In contrast, the claimed invention surprisingly provides 
bioactive stabilized insoluble tricalcium phosphate. Ruys does not assess what, if any, 
bioactivity the product produced therein has and certainly does not teach a product as claimed 
that is resorbable by osteoclasts and promotes secretion of mineralized bone matrix by 
osteoblasts. Accordingly Ruys does not teach every element of the claimed invention, and it 
cannot anticipate the claimed invention. 

Ruys, alone or in combination with Davies, also does not render the claimed invention 
obvious. There is simply no motivation to make the modifications suggested by the Examiner, 
and in fact, Ruys teaches away from using tricalcium phosphate. Thus, the Examiner has failed 
to make a prima facie case of obviousness. 

In view of the arguments presented above, it is accordingly respectfully submitted that 
the Board reverse the rejections of record and order the immediate allowance of all pending 
claims in this case. 



Respectfully submitted, 




Melissa B. Pendleton 
Registration No. 35,459 
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APPENDIX 

1. A bioactive artificial sintered composition for supporting bone cell activity, said 
composition comprising: 

a powder or bulk material of stabilized insoluble tricalcium phosphate wherein the 
tricalcium phosphate is stabilized with stabilizing entities uniformly throughout the entire 
composition, and wherein said uniformly stabilized tricalcium phosphate is resorbable by 
osteoclasts and promotes secretion of mineralized bone matrix by osteoblasts, 

wherein said stabilizing entities are selected from the group consisting of silicon entities, 
aluminum entities, barium entities, titanium entities, germanium entities, chromium entities, 
vanadium entities, niobium entities, boron entities and mixtures thereof. 

2. A composition as claimed in claim 1, wherein said stabilized tricalcium phosphate 
is primarily alpha tricalcium phosphate. 

3 - 5 - Cancelled 

6. A composition as claimed in claim 1, wherein said stabilizing entities are 
provided as a solution. 

7-9 - Cancelled 

10. The composition as claimed in claim 6, wherein said stabilizing entities are a 
solution of tetrapropyl orthosilicate. 

1 1 - Cancelled 

12. A composition as claimed in claim 1, wherein said composition is insoluble in 
physiological fluids of pH of approximately 6.4 to 7.3. 

13. A process for making the composition of claim 1, said process comprising: 
doping and mixing a hydroxyapatite substance with a composition of stabilizing entities 

to uniformly distribute said stabilizing entities throughout said entire hydroxyapatite substance; 
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and sintering said uniformly doped hydroxyapatite substance; 
wherein sintering converts at least a portion of said uniformly doped hydroxyapatite 
substance into primarily alpha tricalcium phosphate. 

14-21 - Cancelled 

22. The process of claim 13, wherein sintering is done at temperatures of about 900°C 
toll00°C. 

23. The composition of claim 1, where said composition is provided as a microporous 
polycrystalline structure. 

24 - Cancelled 

25. The composition of claim 23, wherein said structure has said globular 
morphology of Figure 14. 

26. The composition of claim 25, wherein said morphology comprises rounded 
granules with a lateral dimension of about 0.5 to 1/xm. 

27. An implantable calcified bone matrix comprising: 

a) the composition of claim 1 forming a structure for supporting said bone matrix; 

and 

b) a calcified bone matrix secreted by osteoblasts on said structure. 

28. An implantable calcified bone matrix of claim 27, wherein said 
matrix is free of bone cells including osteoblasts. 

29. An implantable calcified bone matrix of claim 27, wherein said matrix includes a 
patients bone cells including osteoblasts. 




30-31 - Cancelled 
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32. The composition of claim 23, wherein said composition has an internal 
macroporosity. 

33. An implantable device coated with the composition of claim 1 . 

34. An implantable device consisting essentially of the composition of claim 1. 

35. A method for the culturing of functional bone cells, said method comprising: 
applying a suspension of bone cells in physiological media to the composition of claim 1 

provided as a substrate. 

36 - Cancelled 

37. A method of the ex vivo engineering of a mineralized collagenous implant, the 
method comprising the steps of: 

a) providing the composition of claim 1 as a bulk material; 

b) applying a suspension of osteoblasts on said composition and 
incubating for a time sufficient for said osteoblasts to secrete mineralized collagenous bone 
matrix on said bulk material; and 

c) implanting the product of step (b) in a patient. 

38. The composition of claim 1, wherein said stabilizing entities are 

silicon. 



39 - 46 - Cancelled. 
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Plasma spraying induced changes of cateium 
phosphate ceramic characteristics and the 
effect on In vitro stability 

coatings. Special eon-dnmon .gun to '^ n ^ u ^ n g pIasma ^ g induced chances 
However, changes are possible. Thus ^JWJfZS^ influence on in vitro dissolution, 
in material characterise * induced changes n 

AH analysed coatings were found to unda '^0 n ™^ M The phase transformations 
phase composWon. crystal » -TCP. 

depended on the Starting Pamcle^iact^S^ S^ow JP" , decompcGsd 

HA was dehydrated and tra "^ e ^°^S ^nsiderab.e increase 

10 b-TCP and tetra calcium phosphate. These transtormaww 

of in vitro dissolution rates at physiological pH . ^ 

coaled substrawi The average thickness erf the CPC 

1. Introduction ^.j.--. 70-8O um. The porous metallic coataigs 

Calcium phosphate ceramic (CPQ rSSS- -ft + 80 mesh sp^cal 

implants have * threefold possible benrfi **» ^Spirit, (cp.) TI powders (ASTM F-€7) or 

etfect erman^ent or ^ncb^.n rate [1^ the ^^J^ ooW M) of mesh si* 16 

ability of bonding to bone P], and the t*«™? » r 2T3*Vol50 mm diameter wire ft], 

mtij l corrosion product release P&s ma s P»y» D & The XRD patterns vmre obtained on a Rigaku 

electrophone deposition ^ * uU « ^'J? ^^^ft/Ma* u, Daavw, MA) with <*f* 

various method* to achieve ;« [4] W, 3SmA,a29 wanning ratcof 1 deg 

Plasma spraying takes CPC P^ ld * ^ Tte io^menTwas equipped with a com- 

temperatures. Special coosidcrauoa tau ^LjtfftSram analyst The infrared ««n 

bJsiven to reining the original crys^J 1 ^ ^^^^ T^ri^sfonn infrared sp«- 

lur e of the CPC particles. Ii has b^ mdicaied that wett ^>££ 5D XC (Madison, WT. The 

pl^sprayingrfhvdr^patiurleaAsio j^mg „7ttraped plasma sprayed coating* were 

Llea»95K of *««^J»^ c ^ l 5" , SSS: SJS as J% £w<?er-KBr mixtures in the effuse 

This condition was arrived at by using X-ray diffrac- **££^Jaarioa* «occ 

L (XRD) KQ. However in some of our pre™ t^S^P^^ «* 

wor£ more dgnificant plasma sprayed mduetd ^^ t °S or porous wasdeternined 

Changes of tb C erys*l structure, ^ aconcom,^ erontotte ^ ^ ^ 

ch^flrfl^ildtel«»^**^ra- g^gJE^x,,. ^tberland). Seeing *u g er 

Thus in this study wc boos on plasma sprayed » g^L^S^ (SA EMS, PHI Microprot* 600. 

duced changes in material charactensUcs or a number ^^Hmo/lE^e. MN) *as used to analyse 

Of pla^Tpraycd CPC coatings 00^ fco = - See compost 

^lsourca.andttieinfl^ofthesechangcson Ac ^^2? of subHity of either the starting 

the in einro stability of these coannss. cpc or ^p^a spayed coalings was performed in 

simulated physiological calcium and phosphate free 

* solution (» 0.05 m iris (hydroxy) methylannnraitfUi- 

2. Methods and materials „™ t..£r ^ .< 7 4. 37 °c and t me/1 nil mass 

the studys hydroxyapartte (HA) and p-tncalctum ™^ u """ nowder or metallic specimens with 
phosptai^TCP^^ »3 * SEX* h£ 10ml of the 

^ S r^d^and JiS -Befta P^ of time ranging from .5 :»in to 

mcraal sources. The powder ana coaung aonK***. r separate spearaens 

ure are Usted in Table L The startins HAM and 24 h. J^^™,™^ 0 J 0 a table, 

p.TCPMhadanHshsfecof _ 325, ihesiamngMAF we I! T^^/ScLi was measured in 

EI* « nar,iote S i« 0.8 mm. The powtterfi were spmyed The nmount of released ca. spectI3sM p ? 




TABLE I CharacttriMws of the CPC before and aner pluma spraying 



Nomenclature 


Crystal structure 


Usad tnct&od of antlyos 


Specific wwtocc area (m 2 g"*) 


HAM St** 


Stoichiometric HA 


XRD 
FTIK 




HAM FS* 


OKA -h o-TCP + ictra CP 


XRp 




P-TCPM sl» 


rtfdcWoowtric 0-TCP 


XRD 


U9 


P«TCPM PS* 
HAF sL b 


o-TCP P-TCP imntin 


XRI> 


aw 


' PtoichiomCtftC HA 


XRD 

ma 


au 


HAF PS* 


OHA H* tract a-TCP tnd lexra CP 


FT1R 


nyv» 


frTCPD St.* 


tbftwmcosp-TCPM 


XRD 




jJ-TCPD PS- 


0-TCP + cl-TCP 


XRD 





Specimen* Wndly provided by ■ Miter, Warsaw, Indiana; fc FeMmuhlc, Hodringen, Geflnany (Osprovii); ' Dc Piiy. Wwsaw^ India* . 



(AAS) (Peridn-Elmer, model 238a Norwich, CT). The 
released phesphate was measured as the complex 
(molybdenum yellow) [10] in a UV-visibte spectro- 
photometer (Bidcimom, LKfl 4053 Ultraqpac, Cam- 
bridge, UK). 

The specific surface areas were determined with the 
monolayer gas absorption technique (B£.T.) by 
Micramerities Co. (Norcrosa, GA) or OmicrOA Co. 
(Berkley Heights, NJ> 



3. Results 

3.1. Characteristics of the starting powders 
Some characteristics of the starting CPC powders* 
including their crystal structures and specific surface 
area* are summarized in Table L The starting HAM 
was stoichiometric; highly crystalline HA (as wad con- 
firmed by XRD and FTIR) With a low specific surfoce 
area (Table Q. The FTIR sjwtrum of RAM (f% la) 
shows characteristic features of a completely crystal- 
lized HA, including wefl-pronounced OH" peaks at 
3572 and 633 cnT 1 . 

As follows from the FTTR analysis* the crystalliza- 
tion of the starting HAF was not complete (Fig. 2a), 
The spectrum Shows a broad water bund in the 3600- 
3000cm* 1 range; the OH" bauds at 3572 and 
633 cm" 1 arc significantly smaller man those of the 
HAM spectrum. However, the specific surface area of 
HAF is very low. After cremation at 900 °C the FTIR 
spectrum of HAF is typical of stoicluomctric, crystal- 
line HA. 

Starting g-TCPM powder was highly crystalline 
powder (as confirmed by XRD and FTIR) with a low 
specific surface area. 



3.2. Characteristics of the plasma sprayed 
CPC 

Some characteristics of the plasma sprayed coatings 
are also summarized in Table L The FTIR. spectra of 
HAM PS and HAF PS are shown in Figs lb and 2b 
respectively. The XRD pattern* of both plasma 
sprayed HAs and 0-TCPs arc represented in 
Fig, 3a to d, 

PUsxna spraying produced a dramatic change in the 
crystaj structure of HAM as can be deduced from the 



XRD and FTrR results. The starting HA wa$ 1 mas- 
formed into a mixture of apatite, tetracalcium phos- 
phate (tetra CP) and oTCP as follow* from the ;tilD 
pattern (Kg, 3a). Not only is the X-ray dSflrattion 
analysis important* in addition, the infrared sp^tra 
must be reviewed critically, since they bring ou; fea- 
tures (Fig. Ib) which cannot be observed by XRD The 
OH" bands at 3572 end 633 cm" 1 , charactcrisu'c of 
HA, have fully disappeared. The 961 cm' 1 band* i *ir- 
acteristic of symmetric stretching of P0 4 group in HA, 
has disappeared, and two very weak bands ai 96C and 
946 cm- 1 have appeared. Two medium intensity 
bands at 603 and 56$ cm' 1 and small shoulder* can 
be seen in the bending vibration mode of the PQ 4 
group. AH the above features can be assign*! to 
oxyhydroxyapatite (OHA), of which the characteristic 
absorption bands were described before [11], 

The FTIR spectrum of a single-phase OHA, which 
we produced by heating HA at 900 ?C for 24 h in \ *to ¥ 
is shown for comparative purposes in Fig. 4b. Hirs 
spectrum shows the following characteristic features: a 
very weak OH" band at 3672cm" 1 and theabssnce 
of the bydroxjl band at 633 cm" 1 , two medivn. in- 
icnsiry bands at 970 and 9*6 cm" 1 ; bands at 604, 532 
and 568 cm" * and a shoulder at 356 cm" 1 in a 
bending vibration mode of the FO* group, ard a 
medium intensity band at 481 cm" 1 . Trorabe and 
Monte! [111 reported similar tft absorption band i for 
OHA- Specifically, 1-bands at 965 and 935 err 1 , 
n-bands at 600, S75> and 572 cm" 1 , a shoulder at 
560cm" 3 , and a 482cm' 1 band in the low energy 
region. They found thai the above features are niOrc 
pronounced with a higher degree of dcbydroxyiaiion. 
The lull absence of the OH" absorption band: on 
the FTIR spectrum of HAM-PS indicates a iJgh 
degree of dehjdroxylaaon of the OHA. The snail 
additional features m the FTIR. spectrum of HAM*PS 
(Fig. lb), especially in a low energy region, conic be 
associated with tctra CP and o>TCP. Thus the com- 
bined XRD and FTIR analysis identifies the HAM -PS 
structure as a mixture of OHA, tetra CP and a-T TP. 

The XRD pattern of the HAF subsequent to plat ma 
spraying indicates a highly crystalline apatitie stiue- 
ture, with some a-TCP and tctra CP as revealed fay 
their barely perceptible characteristic peaks (Fi& :1b*. 
Whereas the XRD pattern would lead one to betfsve 



34 




that hydf oxyaparlte is largely retained, one must also 
consider the FTIR spectrum. After plasma spraying it 
dififcre significantly from thai of the starting HAF, as 
cao be aecn by comparing Fig. 2a With Fig- 2b. The 
reduction of the 3572 cm - , and the ab*cnc& of the 



bands at 962 and 948 cm" 1 and the absence of ths 
961 cm" 1 band are characteristic of the OHA struc- 
ture. Thus the starring HAF underwent a partial 
dehydroxylation and (reformation to OHA during 
the plasma spraying. 
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co Di-TCP, with some £-TCP J«aiaed, M indicated by 
XRD spectrum of Fig. 3a Broadness of the peaks 
indicates that the degree of crystalJinhy of p-TCPM 
PS decreed with re$pcct to ihe starting highly 
crystalline powder. The p-TCPD was transformed 
into a mixture or st-TCP and p-TCP as confirmed by 
XRD analysis (Fig. 3d). 

All the powders underwent reductions in specific 
surface aisas, .to a greater or lesser degree, due to 
plasma spraying (Table I). 



3.3. SEM observations 

The SEM micrographs of HAF PS coating onto a fiat 



metal surface arc represented in Fifr 5a, b- The small 
njagnification view (Ftg- 5a) shows a uniformly 
covered metal substrates Howcvcr 3 at larger magni- 
fications (Fig. 5b) the coating is noiniaU'orr > since it 
consists of large smooth areas with a glass]- appear- 
ance in combination with irregular shape ceramic 
drips and randomly distributed pores of different si2fl; 
multiple cracking can be observed as wcIL 

SEM micrographs of the HAF plasma sprayed 
coating onto the OOWM porous surface are shown in 
Fig. 6a, b. At small magnifications (Fig. 6a) xh s coating 
seems uniform on both the substrate and DOWM- 
However, higher magnifications reveal that iho areas 
of the substrate adjacent to the wires, La, ihs corners 
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Figure SEM view of Ctc HAF F$ coating oaio porous OOOWM coaled *ur£u*: *1Q * ft ud defalk ai ft* 



and the edge* of the pores, were noi coated, as well as 
the underside of the wires- The coating structure on 
the top of the wires (Fig. 6b) resembles that of the 
HAF PS coaling onto the flat surface. Specifically, one 
sees large particles wi* a glassy and highly deformed 
appearance, ceramic chips, random pores, and 
cracking. 

The starting HAF parti des were relatively large 
08 mm diameter parades. The SEM appearances sug- 
gest that some of the large particles apparently under- 
went surface melting when being taken through the 
high temperatures in the carrier gas- Furthermore 
these melted surfaces were quenched at the moment of 
impact with multmg eraddng and breaking oT the 
particles. 

3.4. Coating surface analysis 
The SAEMS HAF PS coating surface survey revealed 
Ca, O and P peaks. A doublet low energy P p*ak was 
located at 91 and lOSfeV. This observation corres- 
ponds to those reported for a phosphate group [12]. 

The Ca to P peak intensity ratio measured on the 
coating Surface after 20 s of sputtering in the scan 
mode was found to be 6.Q-&2. The ratio is similar to 
that of a reference stoichiometric HA. 



3.5. Dissolution behaviour of the CPC 

before and after PS 
The concentrations of calcium and phosphate released 
from the CPC into the buffer solution Tor periods Of 
time ranging from IS min to 24 h are represented in 
Fig, 7a,b. 

The starting HAM and HAF powders Show the 
Slowest dissolution rates as could be expected fbr 
sioichiometric well-crystallized HA with a low specific 
surfecc area. The starting 0-TCPM shows a higher 
dissolution rale, since J3-TCP is known to be more 
soluble than HA. 

The dissolution rates of all plasma sprayed CPC, 
(either HAF-Pi HAM-PS or D-TCPM) were found to 
be sianincanth greater than those of the starting, 




Tittfe Ihl 

figure 7 Tbc Qi W aad P (b) dissolution yaws cf ihc tfiriha 
powdecs rod plasma sprayed coatings In a 0.05 m iris buflfcr solutkin 
«pH 7.3 wd31*C 

released from the immersed HAF-PS is an order 
magnitude greater than that from the starting HA?. 
The concentrations of calcium released from either 
HAM-PS or p-TCPM PS appeared to be almost i« '0 
orders of xnagnictide greater than those released Item 
the starting powders. The HAM-PS and p-TCPM 15 
were found to be the most soluble. The dramatic 
increase in dissolution rates of the PS CPC occurs in 
spite of the decrease in their specific surface are is 
CTable I). 

To demonstrate whether the transformation of H A 
to OHA or {UTCP to ot-TCP can alter the dissolution 
behaviour of th* starring CPC «/* performed :n 
analogous immersion test of OHA and ec-TCP. OHA 

VTCP w:iS 




produced by healing p.TCPMat 1420 °C for 6b. The 
crystal structwes of these two CPC were confirmed by 

The dissolution rates of the HA and p-TCP pow- 
ders before and after transformation to OHA and 
a-TCP W represented in Fig. 8a tod b respectively. 

A major increase in solubility of both HA or p-TCP 
subsequent to the transformation to OHA or a-TCP 
respectively, was found. Both the starting and the 
transformed powders were angje-pbase CPC with the 
same Ca/P ratio, yet their solu biKty depended signific- 
antly upon their crystal structures. 



4. Discussion 
4>1. Phase transformations 
AH the studied HA or g-TCP PS coalings on metal 
surfaces, obtained from commercial sources, under- 
went, to, different extents, plasma spraying induced 
changes, including changes in crystal structures, spc- 
qjicr surface area and morphology. Furthermore, these 
changes affected the stability, or the dissolution beha- 
viour of the ceramic 

According to requirements suggested in the literat- 
ure, satisfactory coatings must be dense, adherent, and 
with structures not altered irreversibly by the coating 
technique [13]; HA coatings must consist of a 95% 
highly crystalline HA [5, 6} To achieve these require- 
ments, major efforts have been concentrated upon 
retaining the original structure and composition of 
CPC pardclcs during plasma spraying. Retaining at 
least 93*/o of the original CPC crystal structure seems 
possible according to some sources [5, 6}; however, 
irreversible plasma spraying induced changes in crys- 
tal structures ofpUsma sprayed CPC have been found 
as well Specifically, fi-TCP uansfannation to 
-amorphous alpha phase" [14} and HA decomposi- 
tion with TCP phase formation tl5] have been 
reported. 

We observed significant differences among the HA 
or P-TCP PS coatings obtained frqni different sources, 
although all the starting particles were stoichiometric, 
single-phase compounds. Specifically, plasma 
spraying decomposed HAM into a mixture of apatite 
with a large amount ofot-TCP and terra CP (Fig. 3a). 
In contrast. HAF-PS consisted of 95% apatite with 
Har»h/ A(*P**hb» pvtw fihswa: fFic 3blThe 6-TCPM 



TCPD PS decomposed only partly and consist t& of a 
nxixtureofp-anda-TCPCFig-ld}. 

In spite of the differences among the vane us » 
coating rinulari** can also * 
studied coatings were well crystallized Both HAM 
and HAF PS coatings underwent fchydrox/labon 
and decomposition to a mixture of apatite with *TCP 
and terra CP. Both p-TCPM and p-TCPD cuttings 
transformed to a-TCP subsequent to PS* Ti ub the 
differences are primarily related to the deijree of 
transformation* 

The above plasma spraying induced trans- 
formations of either HA or p-TCP can be expected, 
because plasma spraying takes the particles tirough 
high temperatures. At temperatures above .050 C 
there exists equilibrium for HA with TCP an-i tetra- 
CP as follows [161: 

Ca.cCPOJetOHk - 2Ca 3 (POj 

+ CaJ^Op + E*D 

The ^modification of TCP is stable at tcmpsatures 
up to 1120°Q in the range from 1120°C an 3 up to 
1470 °C the a^nodificauoft of TCP k stable [J 7]. The 
transformation te^nperatures depend on parti d water 
pressure, impurities and stoicfaiometiy. In case of CPC 
applied as coatings on metal surface other factors may 
be involved shining the above reaction toward de- 
stabilizatioa of HA or lowering tfre p-TCP u a-TCP 
transition temperature. For instance, this mijht be a 
phenomenon similar to the effect of a titanium sub- 
strate upon sintering P-TCP: it was found that it 
promoted to o>TCP transformation pj. 

There are several techniques to prevent the de- 
composition of HA or p-TCF during plasma spraying, 
Such as using large starting particles, varyinj; the PS 
atmosphere, and controlling plasma spraying para- 
meters v/hica ™ir iTntw time of flight and icmiietaiure, 
This may lead to retaining a 95% apatitic stnicwre as 
in ifae ease of HAP PS, However, dehydroxy aiion or 
HA can hardly be prevented at ,the higi plasma 
spraying temperatures. There is a likely dehydroxyl- 
ation, according to the reaction: 



4- xH ? Q, 



where [ 3 is a vacancy. 



XRD analysis does 



not reveal the dehydroxjlatioiu The XRD patterns of 
the main components or both HA and PS arc apatitk 
structure patterns (Fig. 3a, b). If the structural charac- 
xedzaiions were only based on XRD analysis, one 
could conclude to a hydroxyapatite structure. Vet, the 
recorded IR Spectra of *e HA PS do not correspond 
to that of HA, but resemble lhat of OHA which was 
fast described by Trokbe and Montd [11]. They 
Indicated that it is hardly possible to obtain stoichio* 
metric oiyaparitc stable in air at room temperaiurc. 
One obtains solid solutions of HA and oxyapatite, 
with composition* closer to oxyapatke. A compo- 
sition of a slightly hydroxybted OHA, Le. one which 
does not produce the 3572 cm" 1 OH - band in the IR 
spectrum, corresponds to the formula 

CaioCPOJ 6 (OH)o. s Oo t7S C Ls- 
Upon hydroxylation* U. the increase of water content 
in the lattice of OHA, the IR spectrum gradually 
changes toward the one of HA. Specifically* & gradual 
increase of intensity of the 3572 and 633 cm' 1 OH" 
bands occurs with Increasing faydroxyladoa [11]- 

The information contained in the characteristic 
spectral features of the OH" group leads to the identi- 
fication of important structural characteristics which 
cannot be made by XRD. In addition, the FTIR 
spectra also bring oat features in the FO* bands 
energy region with structural information impossible 
to obtain by XRD* Two weak bands at 970 and 
$46 cm' 1 replace the symmetric stret ching band of the 
P0 4 group of HA at 961 cm" 4 . Small extra bands for 
a bending mode of vibration Gn the range from 604 to 
556 cm" *) and a medium intensity band at 480 cm" 1 
appear (Fig. 4a, b). In general* the number of bands 
attributable to FO* groups in apatites containing 
bivalent ion* (0*-. CO|-, S 2 "), is filter than the 
theoretical number for a crystal With hexagonal sym- 
metry and spatial group P6 1 /nu In the case of OHA 
(or other apatites with bivalent bos), a bivalent ion 
{O 4 ") and a vacancy-substitute for two monovalent 
ions. The substitution leads to a distortion of the 
symmetry. Since XRD shows a hexagonal symmetry 
there must be statistical disorder of the bivalent ions 
and vacancies along the c*axi$. The. distortion, how- 
ever, affects the infrared spectrum: even though the 
phosphate groups occupy identical positions in the 
HA or OHA lattice, there is a difference in terms of 
location with regard to the bivalent ions or vacancies 
ia the lattice or OHA [H3- 

Plasma spraying also affects coating morphology 
and rnictoporosity. We found that plasma spraying 
leads to a reduction In specific surface area for all of 
the studied coating apparently due to a combined 
effect of heat and impact Plasma spraying change* the 
morphology of particles. Specifically,, the HAF PS 
coaling a.c high magnification appears to be a combi- 
nation of large highly deformed particles with a glassy 
appearance, ceramic chips, randomly distributed 
pores, and cracks. These cracks could lead to local 
stress concentration and a crt vice-like conditions 
which would result in mechanical and physicO'Chcnj- 



affected by ptesma spraying- The Ca/P ratio of the 
coatings, estimated by measuring the Ca/P Aug»r 
peak intensity ratio on the surface of HAF PS, wxs 
found to correspond to that of stoichiometric HA w4 
as a reference. Thus plasma spraying does not scan a 
change strichiomecry of the outer layer or the cart- 
ings. It is this Joyer which determines the initial 
solid-solution inxerfacial reactions and biological 
response upon implantation- 



4.2. In vitro stability 

Conrrovcrsial reports on the degree of plasma spray* d 
coating resorption [14,18-20] suggest dependency t-n 
the process parameters. In dtf present study we: deter- 
mined the dissolution rates of the plasma sprayrd 
coalings in calcium and phosphate tree buffer solutfc n 
at physiological pH. The dissolution rates or all die 
studied ceramic coatings were found to be greats 
than those of the starting parddes. Both, the initial 
dissolution rates, as well as the Ca and P concentr v 
tions in solution appeared to increase: The observed 
increase in the dissolution raxes occurs in spite of tl ie 
plasma sprayed induced decrease in specific surfa* 
areas. 

The dissolution rates of both HAM PS and HAF 
PS exceeded that ©starting 0-TCF which is known is 
a soluble, mecastable and resorbable member of tlie 
CPC fcmlry. Even HAF PS, which is actually 95% 
apatite, was found to bo more soluble than the starting 
£-TCF. The dissolution rates of the HAM PS and 
p-TCPM FS were found to be significantly great 
than the starting HAM and ^-TCP (Fig. 7a), andboih 
showed the greatest solubility among the studied con- 
pounds, either starting or plasma sprayed. The dis- 
solution rues of both studied (J-TCP PS were found 
significantly enhanced compared with that of the 
starting powders. 

Among the main factors which have been forward" 4 
to explain solubility of CPC at constant pH are r> 
Ca/P ratio [16J porosity and microporosiry [21] 
(specific surface area). Since thw factors are eitbrr 
unchanged, or work oppositely, the main factor :o 
consider is the plasma spraying induced phase trar s- 
formadons. Specifically, a greater solubility of HA*?* 
PS compared with the starring HAF i$ apparently 
related to the transformation of HA to OHA. Further- 
more, important increases in solubility occur whin 
single phase HA or P-TCP decompose into oTCP 
containing mixtures, OHA + a-TCP + terra CP, >r 
a-TCF + P-TCP respectively. The dissolution experi- 
ment with single-phase OHA and oc-TCP made by is 
proves that the transformations of HA into OHA aid 
fl-TCP into of TCP lead in fact to significant incceas «. 
in the dissolution rates (Fig- 8a, b), 

The solubility oT OHA was expected to be high on 
the basis or thermodynamic considerations [22J. Tlte 
current data show that the Ca release rate from OH A 
in a Ca»fb$e buffer solution at pH 73 is comparatU 
with that of P-TCP (Fig. 8a)- The higher solubility 
r»uA :« 3 ■■«-- -* 5 *-^rtion of die 

bivalent ioiis 



# 



(O a ") and vacancies, A crystal structure disorder 
following from the high temperature rearrangements 
occurring during p- Id a-TCP trtnsfbrmalion is ap- 
parently responsible for the greater solubiBty 'of 

e>TCP. 3 ^ J . . 

Sipiificant rates of resorption and degradation of 
plasma sprayed CPC coatings reportsdin a number of 
studies pO, 23, 24] can be related 10 the herewith 
reported spraying induced enhancement of in vitro 
dissolution rates. Specifically, the observed 10 pm 
wk" 1 resorption rate of plasma sprayed p*TCP coat- 
ing p3] may be explained by transformation of the 
original structure to *TCP, as reported by the 
authors. In a later report [14] z group of authors from 
iha same laboratory argued that the resorption rate of 
p-TCP PS was not as great as was reported before 
[2J]; however, ihey did not mention the actual staic- 
rute'of the coating in this more recent study. 

The resorption rate of a plasma sprayed HA coating 
consisting or "over 98% highly crystalline HA as 
confirmed by XRD" was found lo be 50 urn m few first 
months [20]. However, since dense HA is generally 
described as "non-rtsorbable", ve can assume thai the 
reported rigjrificant resorption of the coating with 
9S% HA was probably related to dchydroxylation 
and transformation of insoluble HA to metastable 
OHA during plasma spraying. The 2% remaining 
unidentified structural components, which were ap- 
parendy c^TCP and tetra CP can also lead to an 
additional enhancement of resorbabUity. 

Plasma sprayed HA and B-TCP showed no sigmfic* 
ant difference in degradation rates in Ringer's and 
saline [2*1 Although the authors did not report on 
the resultant coating structures, decomposition or HA 
with a formation ofcx-TCP and transformation of 
to o>TCP which are likely to occur during plasma m 
spraying may have lead to an almost similar instabil- 
ity oftbe HA and fr-TCF PS coalings [24], 

5. Conclusions 

All the commercially obtained coatings underwent 
significant plasma sprayed induced changes in crystal 
structure, phase composition, specific surface area and 
morphology. The phase transformations depended on 
the starting particle diaracteriso'cs. Specifically, the 
starting p-TCP transformed to variable concentra- 
tions of *TCF. The starting HA was dehydroxylaied 
and transformed to OHA, and partly decomposed to 
a-TCP and tetra CP- 

HA and OHA can nor easily be diflerentiatcd by 
USfag XEtD, however, they can easily be identified as 
different compounds by using infrared analysis. 

The plasma sprayed phase transformations produce 
significant increases in in vltra dissolution rate of both 
plasma sprayed HA and TCP coatings. Ail HA coat- 
Ings including the coating with a 95% highly crystal- 
line apatitic structure showed significantly enhanced 
dissolution rates. 



Spedmens were Itindly provided by the companies 
listed in Table T. 
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